Introduction
============

Diabetes mellitus is associated with an increased risk of cardiovascular diseases, cancer and dementia, all of which can cause significant impairment of the quality of life of the patients and a significant increase in the financial burden of health care systems ([@B1]).

The proportion of people strongly suspected of having diabetes has not increased since 2006 in Japan \[Ministry of Health, Labour and Welfare of Japan. Status of diabetes. In: Outline of Results from 2015 National Health and Nutrition Survey, 2015. (In Japanese); URL <http://www.mhlw.go.jp/file/04-Houdouhappyou-10904750-Kenkoukyoku-Gantaisakukenkouzoushinka/kekkagaiyou.pdf>\]. However, the number of elderly patients with diabetes mellitus is on the rise due to the improved prognosis of patients with diabetes mellitus ([@B2]) and increase in population of the elderly in Japan. With regard to the targets for glycemic control in elderly patients with diabetes mellitus, the "Japan Diabetes Society (JDS)/Japan Geriatrics Society (JGS) Joint Committee on Improving Care for Elderly Patients with Diabetes" issued a statement entitled, "Glycemic control in elderly patients with diabetes mellitus," in 2016 ([@B3]).

Two relatively recent events brought about significant changes in the trends of the use of antidiabetic drugs in Japan; one was the introduction of dipeptidyl peptidase-4 inhibitors (DPP4is) to the Japanese market in 2009, and the other was the increase in the daily permissible prescription dose of metformin from 750 to 2,250 mg in 2010.

We previously established the National Center Diabetes Database with financial support from the National Center for Global Health and Medicine and the Ministry of Health, Labour and Welfare of Japan to examine the current status of diabetes management and to keep track of diabetic patients in Japan ([@B4]). For this study, we extracted the antidiabetic drug prescription and hemoglobin A1c (HbA1c) data from 2005 to 2013 for patients with type 2 diabetes mellitus registered in the database and conducted age-stratified analyses of the data.

In the present study, we evaluated the situation of elderly diabetic patients in Japan before the issuance of the "Glycemic control in elderly patients with diabetes mellitus" statement in 2016 ([@B3]).

Materials and Methods
=====================

Population included in the analysis
-----------------------------------

The structure of the National Center Diabetes Database has been described in detail previously ([@B4]). This database contains the medical records of 8,647 diabetic patients receiving outpatient treatment at 8 medical institutions in Japan. The criteria proposed by the Japan Diabetes Society ([@B5]-[@B7]), which are almost identical to the criteria of the World Health Organization \[World Health Organization (eds). Definition and diagnosis of diabetes mellitus and intermediate hyperglycemia. Report of a WHO/IDF consultation 2006; URL <http://whqlibdoc.who.int/publications/2006/9241594934_eng.pdf>\], were used for the diagnosis of diabetes. From the National Center Diabetes Database, we selected the data of 7,590 outpatients ≥20 years of age who had been diagnosed with type 2 diabetes mellitus. This research was conducted in conformity with the "Ethical Guidelines for Medical and Health Research involving Human Subjects" issued by the Ministry of Health, Labour and Welfare of Japan, and with the approval of the National Center for Global Health and Medicine Research Ethics Committee.

Statistical analysis
--------------------

From the database, we extracted the following information about each patient: year and month of birth, sex, height, body weight, HbA1c level, and the names and doses of drugs prescribed to reduce the blood glucose levels. The patients\' ages were determined based on the dates of the prescriptions. Weight (in kilograms) was divided by the square of height (in meters) to calculate the body mass index (BMI), and the values were rounded to three significant digits. For patients for whom multiple data points were available in a single year, the final data for the year were considered.

The antidiabetic drugs prescribed were categorized by their mechanism of action. The treatment strategies adopted were classified into three categories: "not prescribed any antidiabetic drugs," (category A) "prescribed antidiabetic drugs other than insulin" (category B) and "prescribed insulin" (category C). Treatment category B was further subdivided into categories B-1 \["prescribed antidiabetic drugs other than those potentially associated with severe hypoglycemia-namely sulfonylureas and glinides ([@B3])"\] and B-2 ("prescribed sulfonylureas or glinides"). The subjects were also categorized into 3 age groups: \<65, 65-74 and ≥75 years of age, for each year of data acquisition, in accordance with the statement, "Glycemic control in elderly patients with diabetes mellitus," issued by the "JDS/JGS Joint Committee on Improving Care for Elderly Patients with Diabetes" ([@B3]).

The daily dose of sulfonylureas was categorized into two groups: the "lower-dose sulfonylurea therapy" (any dose of tolbutamide, ≤2 mg of glimepiride, ≤40 mg of gliclazide or ≤1.25 mg of glibenclamide), recommended for use with DPP4is by "the Committee for Proper use of Incretin-based Therapy" \[<https://www.nittokyo.or.jp/modules/information/index.php?content_id=19> (in Japanese)\] and "higher-dose sulfonylurea therapy" (sulfonylurea doses higher than those categorized in the "lower-dose sulfonylurea therapy" group). According to a post hoc analysis of the Veterans Affairs Diabetes Trial (VDAT), intensive blood glucose-lowering therapy was associated with a reduced risk of death in patients with diabetes of \<15 years\' duration, but with an increased risk of death in patients with diabetes of ≥20 years\' duration ([@B8]); therefore, we conducted a sub-analysis in patients ≥75 years of age (as of 2013) divided into the following three groups: patients diagnosed with diabetes for \<15 years, 15-20 years or ≥20 years.

The data analyses were performed using R, version 3.2.1 (R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 2015; URL <http://www.R-project.org/>). Continuous variables were expressed as the means ± standard deviations or medians with the 25th-75th percentiles, and differences in these values were examined by Student\'s *t*-test and Wilcoxon\'s signed-rank test, respectively. Differences in the frequencies among the three age groups and the long-term trends in the annual frequencies were examined by a chi-squared test for trends in proportions. Differences in the values among the three age groups and long-term trends of annual summary statistics were examined using a Jonckheere-Terpstra test for trends. p values of less than 0.05 were considered to indicate statistical significance.

Results
=======

Characteristics of the patients included in the analyses
--------------------------------------------------------

The number of patients analyzed and their characteristics are shown in [Table 1](#t001){ref-type="table"}. During the study period, the BMI increased (p for trend \<0.001), the HbA1c value decreased (p for trend \<0.001), the duration of diabetes from the diagnosis increased (p for trend \<0.001), and the proportion of older patients increased (p for trend \<0.001). In 2013, the percentages of patients who were 65-74 and those who were ≥75 years of age were 56.8% and 24.8%, respectively.

###### 

Baseline Characteristics of the Patients.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Year                                  2005            2006            2007            2008            2009            2010            2011            2012            2013
  ------------------------------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- --------------- ---------------
  Total number of patients              3,599           4,375           4,907           5,505           6,079           6,042           5,835           5,426           5,065

  Men                                   2,452           3,015           3,411           3,871           4,286           4,276           4,126           3,854           3,622

  Women                                 1,147           1,360           1,496           1,634           1,793           1,766           1,709           1,572           1,443

                                                                                                                                                                        

  \<65 years                            1,984           2,400           2,650           2,943           3,150           3,041           2,857           2,507           2,188

  65-74 years                           1,140           1,330           1,452           1,588           1,758           1,758           1,713           1,666           1,619

  ≥ 75 years                            475             645             805             974             1,171           1,243           1,265           1,253           1,258

  Years after diagnosis of diabetes\*   9(4-16)         8(4-16)         9(4-16)         9(4-16)         9(4-16)         10(4-17)        10(5-17)        11(6-18)        12(7-19)

  BMI (kg/m^2^)\*\*\                    24.2±4.0\       24.3±3.9\       24.3±4.0\       24.5±4.1\       24.6±4.3\       24.8±4.4\       24.8±4.4\       24.7±4.3\       24.7±4.3\
  (number of patients)                  (2,581)         (3,179)         (3,613)         (4,177)         (4,840)         (4,636)         (4,769)         (4,738)         (4,201)

  HbA1c (%)\*\                          7.6(6.9-8.4)\   7.4(6.8-8.3)\   7.2(6.7-8.0)\   7.1(6.6-7.9)\   7.1(6.5-7.8)\   7.1(6.6-7.8)\   7.1(6.6-7.8)\   7.0(6.5-7.6)\   6.9(6.5-7.5)\
  (number of patients)                  (3,524)         (4,265)         (4,782)         (5,359)         (5,960)         (5,875)         (5,680)         (5,225)         (4,927)
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\* median with the 25-75th percentiles, \*\* means±standard deviations

Changes in cumulative total antidiabetic drug prescription trends in elderly patients
-------------------------------------------------------------------------------------

The cumulative total antidiabetic drug prescription rates during the defined period are shown, stratified by the age group, in [Fig. 1](#g001){ref-type="fig"}. In 2013, DPP4i was the most frequently prescribed drug in the 65-74 and ≥75 age groups (49.1% and 49.1%, respectively) and the second-most frequently prescribed drug in the \<65 age group (45.4%). Although the frequency of prescription of sulfonylureas steadily decreased from 2005 to 2013 in all age groups (p for trend \<0.001), sulfonylureas remained the second-most frequently prescribed drug in the ≥75 age group in 2013 (37.8%). The proportion of patients prescribed biguanides in the ≥75 age group decreased from 2005 (25.7%) to 2013 (19.7%, p for trend \<0.001), in contrast to the increase in the prescription rates of biguanides in the \<65 age group and 65-74 age group from 2005 (32.1% and 30.8%, respectively) to 2013 (56.6%, p for trend \<0.001 and 47.7%, p for trend \<0.001, respectively). Biguanides were used less frequently in older age groups than in younger age groups throughout the observation period (p for trend with age group, \<0.001). The proportions of patients prescribed glinides, thiazolidinediones or alpha-glucosidase inhibitors peaked around 2009, the year in which DPP4i was launched in Japan, and decreased gradually thereafter. In 2013, the prescription frequency of glinides and alpha-glucosidase inhibitors was higher (p for trend with age group in 2013, \<0.001 and \<0.023, respectively), while that of the thiazolidinediones was lower (p for trend with age group in 2013, \<0.001) in the older age group than in the younger age group.

![Cumulative total antidiabetic drug prescription rates stratified by age group from 2005-2013.](1349-7235-57-1229-g001){#g001}

Changes in the dosages of sulfonylureas and metformin in elderly patients
-------------------------------------------------------------------------

We next examined the changes in the dosages of the sulfonylureas and metformin over time in the study participants ([Fig. 2](#g002){ref-type="fig"}). Compared to that in 2005, the prescription rate of lower-dose sulfonylurea therapy was higher in all age groups in 2013 ([Fig. 2A](#g002){ref-type="fig"}, p \<0.001), and there were no significant differences in the prescription rates of lower-dose sulfonylurea therapy among the three age groups ([Fig. 2A](#g002){ref-type="fig"}, p for trend with age group in 2013, 0.84).

![Changes in the dosages of sulfonylureas and metformin. A: Prescription rates of lower-dose sulfonylurea therapy, stratified by age group in 2005, 2009 and 2013. For the present analysis, "lower-dose sulfonylurea therapy" was defined as follows: any dose of tolbutamide, ≤2 mg of glimepiride, ≤40 mg of gliclazide or ≤1.25 mg of glibenclamide. B: Dosage of metformin in the subjects stratified by age group in 2005, 2009 and 2013.](1349-7235-57-1229-g002){#g002}

Compared to that in 2005, the prescription rate of metformin at more than 750 mg/day was higher in all age groups in 2013 ([Fig. 2B](#g002){ref-type="fig"}, p \<0.001). However, there were significant differences in the prescription rates of metformin at more than 750 mg/day among the three age groups in 2013: namely, in the ≥75 age group, the rate was 20.9%, whereas in the 65-74 and \<65 age groups, the rates were 50.5% and 68.4%, respectively ([Fig. 2B](#g002){ref-type="fig"}, p for trend with age group in 2013, 0.001).

Changing trends in the treatment strategies adopted for hyperglycemia in elderly patients
-----------------------------------------------------------------------------------------

We next performed an age-stratified analysis of the treatment strategy adopted for hyperglycemia during the defined study period. As shown in [Fig. 3](#g003){ref-type="fig"}, the proportion of patients in treatment category A was smaller in the older age group than in the younger age group in 2013 (p for trend with age group in 2013, \<0.009). The proportion of patients in treatment category B-1 increased during the defined study period, but to a lesser degree in the older age group than in the younger age group (p for trend with age group in 2013, \<0.001). The proportion of patients in treatment category B-2 decreased during the defined study period, with the proportion of patients in this treatment category being larger in the older age group than in the younger age group in 2013 (p for trend with age group in 2013, \<0.001). In 2013, 40.5% of those in the ≥75 age group were treated under the strategy of this category. Insulin was used more frequently in the older age group than in the younger age group (p for trend with age group in 2013, \<0.001). The frequency of using insulin in the ≥75 age group showed a gradual annual increase from 2005 (23.2%) to 2013 (27.3%, p for trend \<0.05), while no trend was apparent in the frequency of using insulin in the \<65 and 65-74 age groups (p for trend \<0.50 and \<0.71, respectively). In 2013, the prescription rate of insulin in the ≥75 age group was 26.4%.

![Treatment strategy for hyperglycemia stratified by age group from 2005-2013. Category A: not prescribed any antidiabetic drugs, category B-1: prescribed antidiabetic drugs other than those potentially associated with severe hypoglycemia, category B-2: prescribed sulfonylureas or glinides, category C: prescribed insulin](1349-7235-57-1229-g003){#g003}

Number of antidiabetic drugs prescribed and the choice of drug class in elderly patients
----------------------------------------------------------------------------------------

As shown in [Fig. 4](#g004){ref-type="fig"}, the number of antidiabetic drugs prescribed to the category B patients (patients receiving antidiabetic drugs other than insulin) showed a gradual increase from 2005 to 2013 (p for trend \<0.001), and this trend was less often observed in the older age group than in the younger age group in 2013 ([Fig. 4](#g004){ref-type="fig"}, p for trend with age group in 2013, \<0.001). When we examined the choice of drug class in the category B patients, DPP4i emerged as the most frequently prescribed drug for monotherapy in 2013 in the 65-74 and ≥75 age groups, in contrast to the trend observed in 2005, when sulfonylureas were the most frequently prescribed drugs for monotherapy in all three age groups. The most common two-drug combination in 2005 was sulfonylureas plus α-glucosidase inhibitor in the ≥75 age group and sulfonylureas plus biguanides in the two \<75 age groups, changing to sulfonylureas plus DPP4i in the ≥75 age group and biguanides plus DPP4i in the two \<75 age groups in 2013.

![Number of drugs prescribed for glycemic control in patients receiving antidiabetic drugs other than insulin, stratified by age group in 2005, 2009 and 2013. Drug classes ranked first, second and third used as monotherapy or in two-drug combinations are also presented as insets (for two-drug combinations, the two drug classes are displayed side by side). Drug classes ranked from fourth and lower are indicated in gray.](1349-7235-57-1229-g004){#g004}

Glycemic control
----------------

As shown in [Table 2](#t002){ref-type="table"} and [Table 3](#t003){ref-type="table"}, the median HbA1c level was the highest and the proportion of patients with HbA1c values of less than 7.0% or 8.0% was the lowest in treatment category C, followed, in order, by treatment categories B-2, B-1 and A. The median HbA1c levels showed a declining trend, and the proportion of patients with HbA1c values \<8.0% showed an inclining trend from 2005 to 2013 in all three age groups, irrespective of the treatment strategy used. No significant trend from 2005 to 2013 was observed with regard to the proportion of patients ≥75 years of age with HbA1c values \<7.0% in treatment category C ([Table 3](#t003){ref-type="table"}).

###### 

The Median (25-75th Percentile) of HbA1c Levels (%).

  Years          2005           2006           2007           2008           2009           2010           2011           2012           2013           p for trend
  -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------
  Age group                                                                                                                                             
  \<65                                                                                                                                                  
  All category   7.7(7.0-8.6)   7.5(6.8-8.4)   7.2(6.7-8.0)   7.2(6.6-7.9)   7.1(6.5-7.9)   7.2(6.6-7.8)   7.1(6.6-7.8)   7.0(6.5-7.6)   7.0(6.5-7.7)   \<0.001
  Category A     6.8(6.4-7.4)   6.8(6.4-7.4)   6.7(6.3-7.3)   6.7(6.3-7.1)   6.6(6.2-7.0)   6.7(6.3-7.1)   6.6(6.2-7.0)   6.5(6.0-6.8)   6.4(6.1-6.8)   \<0.001
  Category B-1   7.4(6.9-8.4)   7.2(6.7-8.0)   7.0(6.5-7.7)   7.0(6.6-7.7)   6.9(6.5-7.5)   7.0(6.6-7.5)   7.0(6.5-7.5)   6.8(6.5-7.4)   6.8(6.4-7.4)   \<0.001
  Category B-2   7.8(7.2-8.5)   7.6(7.0-8.4)   7.4(6.8-8.2)   7.3(6.8-8.1)   7.3(6.7-8.1)   7.4(6.8-8.0)   7.4(6.8-8.0)   7.2(6.7-7.9)   7.2(6.7-7.9)   \<0.001
  Category C     8.3(7.4-9.5)   8.2(7.6-9.6)   7.9(7.0-9.0)   7.7(6.9-8.8)   7.7(6.9-8.7)   7.7(7.0-8.6)   7.7(7.0-8.8)   7.5(6.8-8.6)   7.6(6.9-8.6)   \<0.001
  65-75                                                                                                                                                 
  All category   7.5(6.9-8.3)   7.4(6.8-8.1)   7.2(6.7-7.9)   7.1(6.6-7.9)   7.1(6.6-7.7)   7.1(6.7-7.7)   7.1(6.7-7.7)   7.0(6.5-7.5)   6.9(6.5-7.5)   \<0.001
  Category A     6.9(6.4-7.4)   6.9(6.4-7.3)   6.8(6.3-7.1)   6.8(6.4-7.2)   6.7(6.3-7.1)   6.7(6.3-7.1)   6.7(6.3-7.1)   6.3(6.0-6.7)   6.4(6.1-6.8)   \<0.001
  Category B-1   7.1(6.6-7.6)   7.1(6.5-7.5)   6.9(6.5-7.5)   6.8(6.4-7.3)   6.8(6.4-7.3)   6.9(6.5-7.3)   6.9(6.5-7.4)   6.8(6.4-7.1)   6.7(6.4-7.1)   \<0.001
  Category B-2   7.6(7.0-8.2)   7.5(6.9-8.2)   7.3(6.8-8.0)   7.2(6.7-7.9)   7.2(6.7-7.7)   7.2(6.8-7.8)   7.3(6.8-7.8)   7.1(6.7-7.6)   7.0(6.6-7.5)   \<0.001
  Category C     8.0(7.3-8.9)   7.9(7.0-8.5)   7.6(7.0-8.5)   7.6(6.9-8.5)   7.4(6.8-8.3)   7.6(6.9-8.1)   7.6(6.9-8.2)   7.4(6.8-8.1)   7.3(6.8-7.9)   \<0.001
  ≥ 75                                                                                                                                                  
  All category   7.4(6.9-8.3)   7.3(6.7-8.1)   7.2(6.6-7.9)   7.1(6.5-7.8)   7.0(6.5-7.6)   7.1(6.6-7.6)   7.1(6.6-7.7)   7.0(6.5-7.7)   6.9(6.5-7.5)   \<0.001
  Category A     6.9(6.5-7.5)   6.7(6.4-7.3)   6.8(6.3-7.1)   6.7(6.3-7.3)   6.8(6.4-7.1)   6.7(6.3-7.1)   6.7(6.3-7.1)   6.6(6.2-7.0)   6.4(6.1-6.8)   \<0.001
  Category B-1   6.9(6.5-7.5)   7.0(6.6-8.4)   6.8(6.4-7.4)   6.8(6.4-7.2)   6.7(6.2-7.5)   6.8(6.5-7.2)   6.8(6.5-7.2)   6.8(6.4-7.3)   6.6(6.3-7.1)   \<0.001
  Category B-2   7.6(7.0-8.3)   7.5(6.9-8.1)   7.3(6.7-8.0)   7.1(6.6-7.8)   7.1(6.5-7.7)   7.2(6.8-7.9)   7.2(6.8-7.9)   7.1(6.6-7.7)   7.1(6.6-7.5)   \<0.001
  Category C     7.7(7.0-8.6)   7.6(6.8-8.8)   7.4(6.8-8.4)   7.4(6.7-8.6)   7.3(6.7-8.1)   7.4(6.8-8.1)   7.4(6.8-8.1)   7.4(6.8-8.2)   7.3(6.8-7.9)   \<0.001

Category A; not prescribed any antidiabetic drugs, category B-1; prescribed antidiabetic drugs other than sulfonylureas or glinides, category B-2; prescribed sulfonylureas or glinides, category C; prescribed insulin

###### 

The Percentage of Patients with HbA1c Value Less than 7.0%/Less than 8.0%.

  Years          2005          2006          2007          2008          2009          2010          2011          2012          2013          p for trend
  -------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- ------------- -----------------
  Age group                                                                                                                                    
  \<65                                                                                                                                         
  All category   24.0%/58.8%   28.9%/65.0%   38.5%/71.2%   42.1%/74.2%   44.0%/76.3%   39.8%/77.5%   41.4%/77.7%   48.5%/80.2%   48.3%/81.2%   \<0.001/\<0.001
  Category A     56.0%/88.7%   54.9%/88.8%   63.4%/88.4%   67.2%/91.4%   68.7%/92.7%   67.8%/94.6%   70.7%/95.0%   80.5%/96.6%   81.0%/98.8%   \<0.001/\<0.001
  Category B-1   28.5%/66.6%   38.5%/74.4%   48.3%/81.4%   47.9%/79.0%   51.5%/86.3%   46.4%/85.6%   47.7%/84.7%   55.6%/87.4%   58.0%/88.9%   \<0.001/\<0.001
  Category B-2   18.0%/56.5%   22.4%/62.6%   30.4%/68.2%   33.7%/70.8%   35.3%/71.7%   41.4%/80.7%   31.6%/72.9%   38.3%/75.6%   36.2%/77.1%   \<0.001/\<0.001
  Category C     13.0%/39.5%   14.3%/41.6%   22.8%/50.6%   26.4%/57.2%   28.3%/56.6%   41.9%/82.2%   22.4%/58.7%   29.2%/62.2%   27.3%/61.0%   \<0.001/\<0.001
  65-75                                                                                                                                        
  All category   27.3%/67.4%   32.2%/69.8%   36.2%/75.2%   40.0%/76.8%   43.4%/80.4%   40.1%/81.3%   41.1%/81.2%   49.8%/85.2%   54.2%/86.9%   \<0.001/\<0.001
  Category A     48.6%/86.3%   52.1%/93.3%   60.2%/93.4%   60.2%/93.0%   65.5%/92.4%   62.6%/94.8%   67.5%/94.8%   81.8%/97.4%   79.5%/98.0%   \<0.001/0.007
  Category B-1   40.3%/81.5%   44.7%/83.0%   50.5%/87.2%   58.1%/86.9%   60.5%/91.0%   54.3%/92.7%   53.5%/89.6%   62.4%/60.6%   68.2%/94.7%   \<0.001/\<0.001
  Category B-2   23.0%/66.9%   27.9%/68.0%   31.4%/73.4%   34.8%/77.0%   37.7%/80.2%   41.8%/80.0%   33.6%/80.4%   43.6%/83.8%   45.2%/85.0%   \<0.001/\<0.001
  Category C     17.6%/48.8%   23.4%/53.4%   24.7%/61.7%   27.4%/60.5%   30.4%/66.7%   39.2%/79.6%   26.5%/65.7%   30.8%/69.8%   38.2%/74.3%   \<0.001/\<0.001
  ≥ 75                                                                                                                                         
  All category   31.5%/70.2%   35.7%/70.7%   39.5%/76.8%   43.4%/78.7%   47.8%/83.4%   40.3%/82.4%   42.2%/80.5%   46.1%/83.7%   50.7%/86.0%   \<0.001/\<0.001
  Category A     49.2%/86.4%   61.9%/90.5%   62.9%/95.5%   59.8%/91.6%   64.2%/96.7%   63.0%/95.2%   71.9%/91.1%   71.3%/97.1%   82.5%/95.8%   \<0.001/0.023
  Category B-1   51.3%/86.5%   46.7%/82.2%   55.4%/90.5%   57.1%/93.8%   68.2%/95.3%   60.3%/90.4%   56.5%/92.5%   60.6%/95.3%   67.0%/94.2%   0.013/0.011
  Category B-2   28.5%/68.4%   31.1%/69.5%   35.8%/75.2%   41.3%/78.2%   44.3%/82.8%   37.3%/80.3%   35.3%/77.8%   43.0%/83.7%   45.2%/85.3%   \<0.001/\<0.001
  Category C     21.5%/59.8%   28.0%/58.7%   30.4%/66.5%   33.8%/66.2%   36.7%/72.3%   41.2%/84.2%   30.4%/72.2%   30.8%/70.4%   33.2%/76.0%   0.19/\<0.001

Category A: not prescribed any antidiabetic drugs, category B-1: prescribed antidiabetic drugs other than sulfonylureas or glinides, category B-2: prescribed sulfonylureas or glinides, category C: prescribed insulin

In 2013, the median HbA1c values were lower and the proportion of patients with HbA1c values \<8.0% higher in the older age groups than in the younger age groups in treatment categories B-1, B-2 and C ([Table 2](#t002){ref-type="table"}, p for trend with age group in 2013, \<0.001 in categories B-1, B-2 and C, and [Table 3](#t003){ref-type="table"}, p for trend with age group in 2013, \<0.001 in categories B-1, B-2 and C). The proportion of patients with HbA1c values \<7.0% was significantly higher in the older age group than in the younger age group in category B-1 (p for trend with age group in 2013, \<0.001) and category B-2 (p for trend with age group in 2013, 0.0013), but did not exhibit a significant trend with the age groups in "prescribed insulin" group (p for trend with age group in 2013, 0.062). We then analyzed the glycemic control status in the ≥75 age group in 2013 according to the duration after the diagnosis of diabetes.

Discussion
==========

In the present report, we aggregated the prescription trends for elderly diabetic patients before and after the prescription trend for type 2 diabetes changed dramatically around the world with the launch of DPP4is ([@B9]-[@B16]). The prescription pattern for elderly people with diabetes in other countries is very different from that in Japan. The most commonly prescribed oral antidiabetic drugs for the elderly in the US ([@B15]) and Canada ([@B17]) are metformin, sulfonylureas and DPP4id, in that order; similarly, in Thailand, the most commonly prescribed drug is metformin, followed in frequency by sulfonylureas and DPP4i, which are prescribed at equivalent rates ([@B18]). In contrast, in China ([@B19]), as in Japan, higher prescription rates of sulfonylureas are noted for the elderly. In our present analysis, stratification of the prescription rates by the cumulative prescription and monotherapy prescription of choice revealed that drugs that promote insulin secretion (such as sulfonylureas and DPP4is) were used more frequently than biguanides in the older age groups during the observation period. In 2013, DPP4is ranked first as the most frequently prescribed drug class in the 65-74 and ≥75 age groups.

Among drugs that promote insulin secretion, the high prescription rate of DPP4i for elderly patients appears to be unique to Japan. There are several reasons why DPP4is are preferred over metformin and sulfonylureas in elderly Japanese patients. First, this class of drugs has been shown to exhibit excellent glucose-lowering efficacy in East Asians ([@B20]). Second, DPP4is improve glycemic control while not being associated with an elevated risk of hypoglycemia and cause weight gain at a lower frequency than sulfonylureas. Third, in many countries, including the US, metformin is preferred as the initial pharmacologic agent for the treatment of type 2 diabetes, if it is tolerated and not contraindicated ([@B21]). In contrast, the guidelines in Japan recommend the selection of glucose-lowering agents based on the disease condition of each individual patient while considering the pharmacological and safety profile of each glucose-lowering agent ([@B22]). Fourth, as reflected by the health insurance program in Japan for people over 75 years of age, the self-payment for medical examinations and medication in Japan is relatively low compared to most other countries. Under this circumstance, DPP4is are often chosen, even though drugs of this class are more expensive than sulfonylureas or metformin.

There are also several reasons why sulfonylureas are preferred over biguanides in elderly Japanese patients. First, sulfonylureas, which promote insulin secretion, are preferably prescribed for patients with decreased insulin secretion, which is more often observed in patients with smaller BMI values ([@B23]-[@B25]). The BMI values of type 2 diabetic patients in the East Asian population are lower than those in the Caucasian population ([@B23]), and elderly type 2 diabetic patients are leaner than younger type 2 diabetic patients in Japan ([@B4]). A sub-analysis of the treatment categories in the ≥75 age group in 2013 according to the duration of diabetes revealed smaller numbers of patients in treatment categories A and B-1 and larger numbers in treatment categories B-2 and C in the subgroup of patients with a longer duration of diabetes ([supplementary material](#s001){ref-type="supplementary-material"}). The larger proportion of patients with a longer duration of diabetes and a lower insulin reserve might also be among the reasons for the preferential prescription of sulfonylureas in the older age group in Japan. Second, small additional doses of sulfonylureas are often effective in Japanese type 2 diabetic patients in whom adequate glycemic control is not achieved with DPP4i monotherapy ([@B26], [@B27]), with a lower frequency of severe hypoglycemia episodes than in patients receiving high-dose sulfonylurea therapy \[<https://www.nittokyo.or.jp/modules/information/index.php?content_id=19> (in Japanese)\]. Third, a Committee statement issued in 2012 concerning the proper use of biguanides in Japan recommended that special caution be exercised when prescribing biguanides to elderly patients over 75 years of age who have declined functional reserves and an elevated risk of lactic acidosis. Accordingly, the prescription of sulfonylureas decreased, but these agents remain the second-most frequently prescribed drug with decreased prescribed doses, and biguanides are prescribed at a lower frequency and in smaller doses in elderly patients in Japan than in other countries ([Fig. 1](#g001){ref-type="fig"}, [2](#g002){ref-type="fig"}).

In the ≥75 age group, the prescription rate of insulin showed a gradual annual increase from 2005 to 2013, while no trend was apparent with respect to the frequency of insulin use in the \<65 and 65-74 age groups. As with sulfonylureas, the existence of a larger proportion of patients with a longer duration of diabetes and a lower insulin reserve ([supplementary material](#s001){ref-type="supplementary-material"}) might explain the more frequent prescription of insulin in the older age group. In addition, compared to prescribing a larger number of antidiabetic drugs in combination, including larger doses of metformin, in younger age groups, glycemic control using fewer oral antidiabetic drugs in combination without metformin might be insufficient in older patients.

According to previous studies, glycemic control improved each year during the specified study period in Japan ([@B9], [@B10]). The results of the present study ([Table 2](#t002){ref-type="table"}, [3](#t003){ref-type="table"}) are consistent with these previous reports. In the present analysis of type 2 diabetic patients, the HbA1c values were lower in the older age group than in the younger age group for those who received antihyperglycemic pharmacotherapy. This tendency was very similar to that reported recently by the GUIDANCE study conducted in Europe ([@B28]). It has been reported that good glycemic control can prevent the development and progression of microvascular complications in patients with type 2 diabetes mellitus ([@B29]-[@B31]). In elderly patients as well, good glycemic control has been reported to prevent the development and progression of microvascular complications ([@B32]) and to reduce the risk of developing acute complications, such as infections ([@B33], [@B34]), which is the third leading cause of death in elderly diabetic patients in Japan ([@B2]). The medical institutions included in the present analysis may have prescribed antidiabetic drugs with reference to the above reports for many elderly patients with the objective of achieving a level of glycemic control similar to that in younger diabetic patients.

Can the intensive glycemic control recommended for younger patients improve the quality of life and longevity of elderly patients with type 2 diabetes mellitus? Observational studies on the risk factors for death in diabetic patients have reported that mortality increases with increasing HbA1c levels ([@B35]-[@B37]) and that there is a U-shaped curvilinear relationship between the HbA1c and mortality ([@B38], [@B39]). In a sub-analysis of the Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE) trial, no excess mortality was observed in the group of type 2 diabetes mellitus patients ≥65 years of age who were given intensive blood glucose-lowering therapy ([@B32]). A post hoc analysis of data from the VDAT showed that, with intensive blood glucose-lowering therapy, the risk of death decreased in patients with diabetes of \<15 years\' duration, while it increased in patients with diabetes of ≥20 years\' duration ([@B8]). Our present sub-analysis in the ≥75 age group in 2013 showed that treatment strategies potentially associated with hypoglycemia were prescribed more frequently in patients with a longer duration of diabetes ([supplementary material](#s001){ref-type="supplementary-material"}). Given the present results, as well as those of the VDAT trial, patients in this age group were given less intensive glucose-lowering therapy. As a result, the proportion of patients with HbA1c values \<7.0% was lower in the patient subgroup with a longer duration after the diagnosis of diabetes than in other subgroups of diabetes duration.

With regard to the risk of cardiovascular complications, a sub-analysis of the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial showed no marked difference in the risk of cardiovascular death between the normal and intensive treatment groups among patients ≥65 years of age ([@B40]). According to the results of a post hoc analysis of the Japanese Elderly Diabetes Intervention Trial (J-EDIT), the incidence of cerebrovascular disorders was significantly higher in the groups with HbA1c values in the highest quartile (HbA1c ≥8.8%) and lowest quartile (HbA1c \<7.3%) than in other groups ([@B41]). With regard to the risk of the development of dementia, both hyperglycemia ([@B34], [@B42]) and hypoglycemia ([@B43], [@B44]) in diabetic patients have been reported to be associated with an increased risk. Based on these reports, it has been recommended in recent years, with respect to pharmacotherapy for elderly patients with type 2 diabetes mellitus, that glycemic targets be defined after considering the patient\'s general condition, including the history of the use of drugs that may cause severe hypoglycemia ([@B45]). In Japan, the statement, "Glycemic control in elderly patients with diabetes mellitus," was issued in 2016 by the JDS/JGS Joint Committee on Improving Care for Elderly Patients with Diabetes ([@B3]). The statement recommends that, when considering the use of drugs that can cause severe hypoglycemia to treat diabetes mellitus, such as insulin, sulfonylureas and glinides, the HbA1c target be set at 7.0% to \<8.0% for patients ≥75 years of age who have a normal cognitive function and no issues with their activities of daily living (ADL). In the present analysis, the proportion of patients with HbA1c \<7.0% was lower in treatment categories B-2 and C than in treatment category B-1, and the proportion of patients with HbA1c \<7.0% in treatment category C among those ≥75 years of age did not exhibit an increasing trend from 2005 to 2013 ([Table 3](#t003){ref-type="table"}). These trends might reflect an attitude towards the avoidance of harmful hypoglycemia in the elderly before the publication of the guideline, "Glycemic control in elderly patients with diabetes mellitus."

There were some limitations associated with this study, so caution should be practiced when interpreting the results. First, the study population consisted of type 2 diabetic patients who were receiving outpatient treatment and did not include patients requiring prolonged hospitalization or long-term facility care for complications; therefore, the treatment/glycemic control trends reflected by the present results may not apply to the latter subset of patients. Second, most of the patients included in the present analysis were treated by a diabetes specialist. The choice of hypoglycemic drugs used by a family doctor might differ from that used by a diabetologist, which may have influenced the present results. Third, the doses of the drugs recorded were those based on the physicians\' prescriptions and may therefore have been higher than those actually taken by the patients. Fourth, since the database provided no information on the ADL profiles of the patients, we were unable to take this variable into account while performing the analyses. Finally, the cost effectiveness of the changes in the prescription trends cannot be discussed in this study, as we did not record the treatment costs incurred by the patients in our database.

Japanese society is continuing to age. As such, we should continue to monitor the trends in the treatment of type 2 diabetes mellitus in elderly Japanese patients.
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